Rising consciousness of security have reinforced the needs of intelligent surveillance camera systems. Demands for surveillance cameras contain two conflicting purposes. One is observe wide range images at the same time, and another is to take high resolution face images for human identification. A fish-eye lens camera or a panorama camera is used to take the wide range images. However, these cameras cannot take images with enough resolution to perform facial recognition. On the other hand, pan-tilt-zoom (PTZ) camera can take the high resolution face image. Although, PTZ camera has a problem of flameout because the field of view is narrow. To address these problems, we integrate the two different types of cameras (the panorama camera and the PTZ camera) to achieve synergistic effect of them. We call this hybrid camera surveillance system.
Our human detection method includes a robust background subtraction method, a skin color segmentation and a relaxation matching method. We realize the robust human detection and tracking feature by integrating these methods effectively. In addition, the proposal system has an automatic camera position calibration feature. It is difficult for the users to calibrate multiple camera systems, but the system can be used without any troublesome settings.
A diagram of the proposal system is shown in Fig. 1 . Integrated control of the panorama and the PTZ camera is possible by means of a single PC.
A user arranges the PTZ cameras at arbitrary position. The system enters the automatic setup phase. In the phase, the positions of the PTZ cameras are automatically detected. Thus, the user can use the system without any troublesome settings. The positions of the PTZ cameras seen from the panorama camera are obtained by the background subtraction by synchronizing with driving the mechanism of the PTZ cameras.
In the surveillance phase, persons are detected from the panorama image. Regions of the persons are detected by integrating the background subtraction and skin color detection. In an earlier study we proposed Radial Reach Correlation (RRC), for distinguishing similar areas and dissimilar areas when comparing background images and target images at the pixel level. We achieved a robust background subtraction by evaluating the local texture in images.
Skin color detection uses normalized-RG color space. Skin color can be modeled very well by Gaussian distribution in normalized-RG color space. The labeling is processed to the background subtraction regions. The labeled regions are segmented by using the histogram projected onto Y axis and X axis, because these regions include other than the persons. The labeled regions including the skin color is detected as the persons. The face regions are chosen from the skin regions by using simple geometry arrangement.
The PTZ cameras point the detected persons and track their movement using robust face detection methods including the color segmentation and facial parts detection. We use template matching and relaxation method for the facial parts detection. The templates need to be robust to changes in shape according to the face direction or individuals. Then, we use the four directional features and relaxation matching. In this way high resolution detailed face images are acquired.
The correct rate of human detection is 94.7% when taking images of human's front or side. Example of operating the system is shown in Fig. 2 . Rectangles in Fig. 2 We propose a novel surveillance system that uses hybrid camera network. The system contains a panorama camera and PTZ cameras to take the wide range images and face images at high enough resolution for identification tasks. The robust human detection methods include robust background subtraction method (RRC), skin color segmentation and face tracking method. First, the system detects persons from a panorama image, and then the detailed face images are obtained with the PTZ cameras.
The PTZ cameras can track the faces using the four directional features and the relaxation matching. In addition, the system has automatic camera position calibration feature. Thus, the user can use the system without any troublesome settings. で求められる。ここで・は論理積(and)，￣はビット反転(not) 
